Background: Herbal or complementary medicines are frequently used for the treatment of patients with functional gastrointestinal disorders (FGID). Regulatory requirements for herbal therapies are inconsistent and, in many jurisdictions, herbal therapies are either self-, minimally-or unregulated. Aim: To provide guidance for the appropriate and safe use of herbal medicines in patients with FGID patients with special consideration of the regulatory frameworks. Methods: A PubMed search of the literature was performed; relevant articles were included. Results: Similar to chemically defined therapies herbal medicines can cause adverse events. Thus, a risk-benefit appraisal should be undertaken for these therapies. While there is no disease specific mortality in FGID public and policy makers. However, the frequently chronic or relapsing nature of FGIDs cause disabilities in predominately young people and are a considerable burden to society even though life expectancy is not affected.
patients, patients with FGID who fail to respond to "empiric" chemically defined therapies undergo diagnostic and therapeutic measures that can be associated with appreciable morbidity and mortality. Thus, effective herbal treatments that subsequently reduce health-care utilization, reduce risks related to diagnostic or therapeutic measures that are initiated if no improvement of symptoms occurs. This "protective" effect of effective treatments for FGID needs to be taken in consideration when the risks and benefits of treatments are determined. In addition, standards that mirror regulations for chemically defined treatments should apply and the components of the respective preparations should undergo ongoing toxicological testing and rigorous quality assurance measures (including pharmacovigilance) applied. Conclusions: Some herbal therapies offer significant benefits for patients with FGID. To ensure the safety of these treatments, the regulatory requirements should mirror requirements for chemically defined treatments.
Introduction
Chronic or relapsing gastrointestinal (GI) symptoms including abdominal pain, nausea, diarrhea, or constipation affect approximately one-third of the population in Western countries [1, 2] . In 50% of cases, symptoms are severe enough to require a consultation with a General Practitioner or other health-care providers for diagnostic and therapeutic purposes [3, 4] , and it is estimated that > 50% of these patients are ultimately referred to a specialist [5] . In > 50% of patients, symptoms remain "medically unexplained" after diagnostic work-up and are referred to as functional GI disorders (FGID). Patients with FGID are currently categorized based upon their GI symptoms according to the Rome criteria [6] into groups such as the irritable bowel syndrome (IBS) or functional dyspepsia (FD) [6] . Applying Rome-criteria in well-controlled trials, the gain over placebo for the available pharmacotherapies is very disappointing and rarely exceeds 10-15% [7, 8] . This might be partly explained by the heterogeneity of underlying causes of symptoms (including systemic inflammation [9] , sensory or motor dysfunction [10] , dietary [11] and psychologic factors [12] ), and subsequently there is considerable overlap of categories [13] [14] [15] [16] that is in particular evident in patients with severe disease manifestations [17] . Thus, a variety of factors can -in isolation or collectively -determine the manifestation and severity of GI and concomitant extraintestinal symptoms.
In primary care, treatment is usually initiated without comprehensive diagnostic work-up when the a priori likelihood of a structural cause for symptoms is low [18, 19] . Treatment may follow a trial-and-error approach and when initial interventions have failed [20] . Diagnostic approaches are initiated after failure to respond to one or more pharmacotherapies. Thus, the availability of treatments with proven efficacy is likely to reduce the need for comprehensive diagnostic work-up in FGID patients with a priori low risk of structural lesions as the cause of symptoms.
In many countries, herbal medicinal products are part of the routine treatment approach and reflected in the respective national treatment guidelines [21] . This is based upon evidence from a number of prospective, placebocontrolled clinical trials and subsequent systematic reviews and meta-analysis [22] [23] [24] [25] [26] [27] [28] .
It is becoming increasingly important to include patient preferences into the individualized treatment plan. Indeed, one large population-based study revealed that >20% of population-based subjects with suspected FGID had sought alternative health care for the treatment of their GI symptoms [29] . In a Canadian cohort, 60% of patients with inflammatory bowel disorders sought alternative or complementary medicines [30] . Thus, it is obvious that many patients with FGID or other GI disorders will use herbal therapies. On the other hand, criteria for the assessment of herbal medicines for the treatment of patients with GI disease, and the required risk-benefit assessment, are poorly defined.
There is an obvious unmet need for safe and effective treatment for patients with FGID. In this setting, patients frequently utilize herbal medicine to control their symptoms. While there is some evidence that specific herbal preparations are beneficial, there is the lack of a cohesive approach to assess the benefits and risks of herbal treatments for these patients. This review aims to provide guidance for the appropriate and safe use of herbal medicines for the treatment of patients with special consideration of the required regulatory frameworks.
Material and Methods
A PubMed search was conducted utilizing the MeSH search terms "complementary medicines," "herbals," "functional gastrointestinal disorders," "irritable bowel syndrome," and "adverse events." In addition, the references of relevant publications were screened for further publications (snowball technique).
Burden of Disease
Overall, FGID are the most frequent GI disorders causing GP consultations or referrals to specialists [3, 4, 31] and can severely impact the quality of life [32] , as many patients report extraintestinal symptoms such as anxiety, depression, sleep disorders, and fatigue [11] . The cost besides substantial workdays lost [33, 34] , including health-care costs, that are on average USD >2,000/year higher as compared to age-and gendermatched controls [35] . This is due to excess health-care utilization including emergency department presentations and diagnostic work-up with (repeat) endoscopic services, initiated due to the poor response to ineffective existing treatments. However, frequently the relevance of FGID is underestimated compared with many other conditions as they are not reflected in mortality statistics. This bias toward "hard measures of disease impact" such as mortality is understandable; data on cancer mortality clearly attract much more attention from the While many clinical guidelines propose a trial-anderror empiric treatment approach and a comprehensive diagnostic assessment when the initial treatment has failed or symptoms relapse [19] , both treatment and the diagnostic work-up (e.g., endoscopic procedures or cross-sectional imaging) may expose patients to potential risks. While the risk associated with cross-sectional imaging might be difficult to quantitate since the adverse effects due to the exposure to radiation will materialize years or even decades later, there are good data to quantitate adverse effects associated with endoscopic procedures. A recent study [36] that analyzed 263,426 endoscopic procedures revealed that 40 cases (0.015%) required cardiopulmonary resuscitations and in approximately 1% of procedures an unscheduled emergency department visits and/or hospital admissions were required after the procedure [37] . Despite efforts to resuscitate, 18 patients (45%) died. Perforations are another typical complication of colonoscopy. A study from the University Hospital Erlangen [38] observed in a cohort of 7,535 examinations (4,830 diagnostic and 2,705 therapeutic) a total of 25 (0.33%) perforations and 2 (0.026%) procedure-related deaths. Seven (0.14%) perforations occurred during a diagnostic procedure and 18 (0.67%) occurred during a therapeutic procedure. Three (12%) patients were treated conservatively and 22 (88%) required surgery. Thus, diagnostic measures used to rule out structural causes of symptoms in patients with suspected FGID are associated with appreciable morbidity and mortality. In the clinical setting, cross-sectional imaging including abdominal computed tomography is frequently used. If we assume a dose of 8-10 mSv [39] for a single abdominal computed tomography, this single diagnostic test may be associated with an approximately risk of a fatal cancer of 1 in 2,000 (https://www.fda.gov/radiation-emittingproducts/radiationemittingproductsand procedures/ medicalimaging/medicalx-rays/ucm115329.htm). Thus, patients with FGID are exposed to a substantial risk associated with the diagnostic measures that are initiated in selected patients. However, failure to respond to therapy is an important factor that triggers diagnostic measures.
Besides excess utilization of (endoscopic or radiologic) diagnostic procedures, subjects with physician-diagnosed IBS have significantly higher rates of appendectomies, cholecystectomies, hysterectomies, and back surgery than subjects without IBS [40] and outcomes in IBS patients appear to be poor [41] . Thus, failure to respond to a given therapy and subsequent use of diagnostic measures or even surgical interventions may expose patients to an appreciable risk.
Treatment Options for FGID
While FGID can be suspected or even diagnosed based upon the clinical presentation, it is a common practice to exclude organic disease if patients have not responded to an initial treatment targeting symptoms. Many guidelines also recommend Helicobacter pylori eradication as a first-line treatment approach in cases of dyspepsia [42] . A variety of lifestyle modifications or pharmacotherapies are well established and regularly used for the treatment of FGID. However, a significant proportion if not the majority of patient do not sufficiently respond to these measures, and there is a (striking) lack of efficient pharmacotherapies that provide relief to the majority of patients [43] . Similarly, dietary [44] and psychological interventions [45] (while superior to control interventions) [44] are effective in a relatively small proportions of patients.
Treatment of FGID with Herbal Medications
While typical pharmacotherapies target one underlying mechanism, some herbal medicines may offer advantages since they frequently contain a variety of active components that may target simultaneously different underlying pathways (e.g., motility and inflammation) [46] [47] [48] .
In the setting of multiple factors that -in isolation or collectively -cause the symptoms, multitarget therapeutics can be viewed as a reasonable treatment approach until treatments have become available that allow treatments that are individually tailored toward patients' needs with specifically compounded mixtures or bioactive constituents [49, 50] . Holtmann 
A Historic and Regulatory Perspective of Herbal Medicines
Plant extracts have been in use for centuries to treat common diseases [23] . For obvious reasons, precise mechanisms of the active compounds of extracts or definition of doses required to achieve clinical effects were poorly described or not characterized at all. Raw materials and subsequently the extracts used may be variable and affected by several conditions (soil, climate). Usually extracts from a single plant were given even though some medicines, such as traditional Chinese medicines or Japanese Kampo medicines, used combinations of plant extracts.
Even today medicine still uses therapies that were initially based upon specific compounds extracted from plants. Some of these plant extracts are the prototypes of drugs that are synthetically produced and widely used. Examples are acetylsalicylic acid with the naturally occurring anti-inflammatory precursors found in willow bark and meadowsweet or opiates initially found in poppies. In addition, there are now numerous industrially produced herbal products available that are based upon extracts from single or multiple plants. Unfortunately, the regulatory process for registration and approval of herbal medicines is highly variable across the various jurisdictions. There are multiple reasons for this variability; on the one hand, herbal medicines are traditionally used in some cultures and subsequently well accepted. On the other hand, herbal medicines are rarely studied scientifically and for many products data are insufficient to provide an accurate assessment of the quality, efficacy, and safety of most herbal medicines. Thus, there might be concerns not only regarding efficacy but equally concerns in relation to potentially harmful contaminations.
However, in some jurisdictions (e.g., in Germany), herbal medicines with proven clinical efficacy and safety are "authorized" in the same administrative process that is used for chemically defined drugs (e.g., STW-5), while other "traditional" herbal treatments without proven efficacy are "registered" only (e.g., some preparations with peppermint-oil). To ensure a continued safe and effective use following the marketing authorization, a pharmacovigilance system is in place and mandatory for both authorized and registered herbal medicines. While for "authorization" of herbal therapies pharmacologic, toxicologic and clinical efficacy data are required, it needs to be noted that in some jurisdictions herbal medicines are marketed as food or food additives with only minimal regulatory scrutiny. In these countries, it is frequently argued that the nature of plant extracts (and combinations of various plant extracts) may present an unsurmountable challenge for authorization. However, excluding herbal therapies from regulatory approval processes neither serves societies' nor patient's interests. The production of herbal medicines requires well-developed quality measures. This quality assurance is not only necessary to monitor the raw materials and the concentration of active ingredients but also requires to monitor and avoid contamination of the raw materials with pesticides, heavy metals, and mould toxins [51] .
In the United States, herbal medicines are regulated by the Dietary Supplement Health and Education Act [52] . This act defines a dietary supplement as a vitamin, mineral, herb or other botanical, amino acid, or dietary substance to supplement the diet that may exist as a concentrate, metabolite, constituent, extract, or combination of ingredients. This statutory definition is unique for the United States. Manufacturers are entitled to market such products without registering them or requiring FD approval. Safety of the products is the sole responsibility of the manufacturer. In contrast, for chemically defined drugs the FD would require pharmaceutical companies to demonstrate that their drugs are effective and safe before market authorization is approved. Therefore, evidence in relation to clinical efficacy and safety has been generated for chemically defined medications. If herbal medicines are marked compliant with the Dietary Supplement Health and Education Act [52] or similar regulations, no efficacy and safety data are required, and skepticism of consumer and health professionals is warranted.
Safety Assessment of Herbal Treatments
In general -and similar to chemically defined medications -all herbal medicines therapies may cause adverse effects. This fact should trigger appropriate toxicology studies for herbal medicinal products to ensure that the respective preparation and their ingredients in the doses used do not expose patients to nonjustifiable risks. STW 5 (Iberogast ® ) is an example of a herbal medicinal combination product containing 9 been tested in a variety of pharmacologic models on specific GI functions [53] . In addition, the efficacy of this herbal combination has been tested and confirmed in prospective, controlled clinical trials [26, 54, 55] , and tolerability has also been monitored and established in clinical studies as well as post-marketing studies. Available toxicology data for specific ingredients of STW5 do not provide evidence for relevant toxicity, neither in rodents such as rats [56, 57] nor mammalians such as pigs [58] . This seems to be in contrast to reports of hepatotoxicity for one of the ingredients, Chelidonium majus. It is of note that hepatotoxicity of Chelidonium majus is reported only with doses of Chelidonium alkaloids higher than 8 mg. Further studies revealed 2 alkaloids contained in Chelidonium with more pronounced liver toxicity: sanguinarine and chelerythrine. Toxicological studies in rats revealed difference between oral and parenteral administration of these substances. Oral intake of even high doses resulted in very low liver tissue levels of sanguinarine and chelerythrine, identified in in vitro studies as the most relevant greater celandine alkaloids [59] [60] [61] [62] [63] [64] [65] . In contrast, when applied intraperitoneally and thus bypassing intestinal absorption, sanguinarine in a dose of 10 mg/kg was found to cause damage to rat liver cells [61] and to result in an increase of liver enzymes [66] . It is noteworthy that the smaller dose of 0.2 mg/kg of sanguinarine had no toxic effect even when applied intraperitoneally, suggesting dose-dependency of liver toxicity of celandine alkaloids [61] . An in vitro study in HepG2 liver cells combining metabolomic with gene expression analyses revealed that neither the activated genes nor the proliferation response could be clearly related to the differing alkaloid content of different Chelidonium extracts. This emphasizes the importance of the manufacturing process for the toxicity of the preparation [67] . For the combination product STW5, containing Chelidonium majus extract in a low concentration, toxicological studies utilizing even high doses did not provide evidence for any appreciable toxicity. Nevertheless, 1 case with a positive temporal relationship between exposure to STW5 and hepatic toxicity was recently published [68] . The authors suspected a probable causal relationship to STW5 based upon the chronological association and the assumption that one of the ingredients (greater celandine) was potentially could have caused a drug-induced liver injury and the available information regarding the chronological exposure. On the other hand, the patient had also used before alprazolam, domperidone, paracetamol, and another homoeopathic complex preparation, some of which also can cause acute liver failure. While an ad-verse effect of a medication never can be fully ruled out, appropriate post-marketing monitoring of adverse events related to the use of a specific medication is probably an important measure to ensure that a given product can be safely used and safety signals are appropriately monitored and analyzed instead of relying more or less random reporting of suspected adverse events that might be distorted by reporting bias. While case reports might be valuable if no other information is available, the information derived from case reports must be, whenever possible, analyzed in the context of complete pharmacovigilance data.
One population-based study from France revealed that the crude annual incidence of drug-induced liver injury was 13.9 ± 2.4 per 100,000 inhabitants; corresponding to standardized annual global rate of 8.1 ± 1.5 per 100,000 [69] while a similar study from Iceland reported a curde rate of 19.1 cases per 100,000 inhabitants [70] . Interestingly, drug-induced liver injury occurred in 1 of 2,350 treated with amoxicillin-clavulanate or 1 of 9,480 patients taking diclofenac. In this context, it is important to note that the prevalence of metabolic (obesity related) liver disease is increasing [71] and may increase the susceptibility to liver toxicity if drugs with a hepatotoxic potential are used [72] .
Adverse Event Pattern of Herbal Medicines
With respect to the general adverse event pattern of herbal medications, 1 study evaluated adverse effects reported in randomized controlled trials [73] . The authors identified 111 studies of a single herb and 133 of multiple herbs that included in total 15,441 participants (male = 5,590; female = 9,851; 7,383 for single and 8,058 for multiple herb studies). Overall, 480 cases (3.1%) of adverse events (344 for single, 136 for multiple herb studies; p < 0.01) were recorded. The most frequently reported adverse event was digestive symptoms (44.3%), followed by adverse events such as loss of appetite. Based upon this, the authors concluded that herbal treatments appear "relatively" safe [73] . This conclusion was supported by a further systematic review [74] that searched 5 electronic databases to identify adverse effects of herbal medicines. While serious adverse events had been recorded, most of the herbal medicines evaluated in these studies were associated with only moderately severe or minor adverse effects [74] . Indeed, some herbal medications such as STW5 have been widely used for decades. It is estimated that during a time-span of 5 decades, approxi-Dig Dis 6 DOI: 10.1159/000504570 mately 80,000,000 patients have been treated with this preparation [55] . In spite of the widespread use and safety monitoring requirements that are in many jurisdictions identical to chemically defined medications, only very few cases of adverse events have been observed and reported [75] and very recently a 2 cases of a liver failure after treatment with STW5 has been reported [68, 76] . In these 2 cases, causality was supported by a positive Roussel Uclaf Causality Assessment Method score [77] that suggested a highly probable link. In addition, in 1 case [76] the authors used monocyte-derived hepatocyte-like cells to test the medications the patients had used prior to the manifestation of the liver failure and the patient's cells responded with a release of liver enzymes after exposure to STW5. While this test is not independently validated (and some of the authors are involved in the commercialization of this tests), it is not unreasonable to assume that in this patients a very rare idiosyncratic drug-induced liver failure may have occurred. Considering the available data, this must be considered an exceptional rare event. Indeed, in the United States every year, approximately 2,000-3,000 Americans are affected by acute liver failure [78] . While drug-induced liver hepatoxicity accounted for 270 liver transplants from 1990 to 2002 in the United States [79] , only 5% were potentially related to herbal medicines. Paracetamol alone accounted for 45% of all liver failures that required liver transplantation. Similarly, based on recent data from the Spanish databases on drug-induced liver failure [80] , 4% of cases were related to herbal and dietary supplements and recently data from the United States were published that reported 899 cases of definite, highly likely, or probable drug induced liver injury. In this case series, all herbals and dietary complements together were related to only 16% of observed cases of drug-induced liver injury [81] . Thus, 84% were related to the chemically defined medicines. On the other hand, a report from Switzerland documented 10 cases of hepatotoxicity over a 7-year period related to one product line (Herbalife) [82] . This may suggest that some herbal products are hepatotoxic and subsequently specific preparations available to consumers carry a higher risk.
In nearly 50% of suspected cases of drug-induced liver toxicity, the liver abnormality is not caused by a medication [83] , and when a medication was identified as the cause, paracetamol was the culprit in 70% of the reports. Of the remaining cases, only very few were in fact attributed to herbal medicinal preparations after formal causality assessment [83, 84] . Interestingly, in substantial proportions of patients, the cause of the liv-er failure cannot be determined. Hadem et al. [85] reported for Germany that in 24% of cases the cause could not be determined, and Ichai and Samuel [86] have reported that between16 and 44% of liver failures are of unknown origin. Considering the high rate of herbal use in many countries, it is very likely that some patients with acute liver failure may have had by chance exposure to herbal medicines. Thus, a temporal association neither proves nor rules out a causal relationship. Thus, while it is critical to avoid unnecessary risk exposures of patients, a causal relationship is only likely, if there is also a signal from the ongoing pharmacovigilance monitoring. The same holds true for traditional Chinese medicine [87] .
Balancing Risks and Benefits and the Use of Herbal Medicines in FGID
The use of any therapeutic intervention (and subsequently regulatory approval of any therapy) ideally should include a careful risk-to-benefit appraisal. In FGID, it could be argued that -while substantially impacting on quality of life -there is no mortality associated with these disorders. Thus, all treatments are required to be without any risks, or the risk should be minimal. It is (very) obvious that many patients suffering from disorders summarized under the umbrella of FGID experience a substantial impact upon their quality of life. This beyond doubt may justify some risk exposure. In addition, it is evident that patients with FGID are characterized by excess health-care utilization. The excess health-care utilization is a reflection of the failure of many of the available treatments to cure or even appropriately control symptoms in a large proportion of patients. However, excess utilization of diagnostic and therapeutic interventions expose(s) these patients to an appreciable risk. Even for relatively safe diagnostic endoscopic procedures, the risk is not zero and in one large series 0.026% of procedures fatal outcomes were observed [38] . Thus, while the risk of the diagnostic measure is low, it is certainly not zero.
Comparisons of the risk-benefit profile of different therapeutic measures are typically not part of the drug authorization process. The original question during marketing authorization is whether a drug is efficacious and whether its inherent risks do not exceed its expected benefits. However, alternative treatments of FGID and their related risks should be taken into account as well. For instance, there are limited but statistically significant Regulatory Approaches for Herbal Medicines in FGID 7 Dig Dis DOI: 10.1159/000504570 benefits of eluxadoline when compared to placebo in patients with IBS of the diarrhea type. This observed benefit must be weighed against the observed adverse events, such as pancreatitis in 0.3% of patients [88] . Other drugs such as prokinetics metoclopramide and domperidone, frequently used for FD, have already been restricted in their indications because of severe dyskinesias. For some herbals such as STW5, comprehensive documentation is available addressing different targets important for the treatment of functional GI diseases [50] . Clinical trials suggest efficacy in relation to FGID symptoms [54] and confirmed safety from toxicological studies as well as from randomized clinical trials and post-marketing surveys [89] . Thus, while the exposure of patients with a nonlife-threatening condition needs to be minimized, there are appropriate ways to achieve this and for some of the herbal preparations the available data are far more robust as compared to products that have been introduced only recently after clinical trials with at best several thousand study patients. On the other hand, it is impossible to exclude that very rare idiosyncratic drug-induced liver injuries occur even after treatment with medications that are considered safe [90] and recent data indicate that even after treatment with green tea extract in a placebo-controlled trial elevations in serum alanine aminotransferase levels occurred in 6.7% of recipients as compared with 0.7% of controls [91] . Thus, it is important to monitor the safety of herbal therapies appropriately to ensure that these treatments are appropriately used.
Conclusions
FGIDs are highly prevalent disorders with substantial impact on patients and society. There is currently no cure available, and most treatments improve symptoms only temporarily in a proportion of patients. Virtually all treatments including all pharmacotherapies or even diets can cause adverse outcomes, it is important to recognize that the most important driver for adverse outcomes in FGID patients is the failure to improve symptoms. Chronic symptoms drive health-care utilization as reflected by an excess use of diagnostic and therapeutic interventions, and this exposes patients to adverse outcomes from diagnostic tests or even unnecessary surgeries. The variety of underlying mechanisms causing symptoms may be addressed by a trial-and-error approach or a multitargeted treatment strategy that aims to address different mechanisms of action. Some herbal medicinal products meet this requirement due to their complex composition; the use of herbal therapies may be supported by data from clinical trials demonstrating efficacy and assessments of toxicologic properties that provide reassurance that treatments are safe [23] . Beside this, the strongest support for drug safety comes from appropriate pharmacovigilance. If large cohorts of patients have been exposed over time to the respective treatment, it is highly likely that all relevant adverse effects have become apparent.
Considering the widespread use of herbal medicines, and an appreciable background incidence of potential adverse events (e.g., acute liver failures), it is important to take into consideration that adverse events may be observed even if there is no causal relationship. A standardized approach is required to monitor and evaluate adverse events in patient cohorts and compare their incidence with the background incidence. The diagnosis of an adverse drug reaction and the determination of a causal relationship to a specific drug can be a complex task and even if diagnostic criteria for adverse drug reactions are rigorously applied is not without limitations [92] . Another issue might be reporting bias [93] and attitudes of clinicians may unconsciously influence the reporting of adverse events. Rigorous research methodologies using large population-based health databases should help do address some of these limitations [94] . Data linkage of medication data and the onset of specific predefined clinical events supported by large integrate electronic medical records [95] should enable clinicians and regulators to identify potential adverse events without clinical reporting bias. While patient safety is paramount, a comprehensive risk-benefit analysis that balances the risk exposure related (i.e., rate of relevant adverse events), and the potential benefits of the treatment that includes the efficacy with regard to the indication but also potential risk reduction in relation to diminished utilization of alternative treatments or diagnostic measures.
Both the use of chemically defined treatments as well as herbal therapies can be associated with adverse outcomes. Thus, similar to chemically defined therapies, appropriate toxicological studies exploring the safety of ingredients used for the preparation of herbal medicinal products, quality assurance in relating to the raw materials, and the production process as well as comprehensive post-marketing pharmacovigilance are required to minimize risks to patients. While these standards can be defined in accordance with standards for chemically defined treatments (Table 1) , the complexity of the plant extracts needs to be appropriately taken into consideration. On the other hand, an approach that aims for a Holtmann "zero harm" may expose patients to avoidable risks since in FGID patient's failure to control symptoms will result in increased utilization of potentially harmful diagnostic or therapeutic modalities.
Virtually all drugs and medications -including all herbal therapies -carry a risk of adverse events. The risks associated with the use of herbal medicines should be systematically mitigated by appropriate toxicological assessment of ingredients and production including the sourcing of raw materials monitored according to Good Manufacturing Practices. In addition, the use of herbal medicinal products should be scrutinized in an appropriate pharmacovigilance system. Ultimately, herbal therapies should meet the same regulatory and safety requirements as chemically defined treatments and preference should be given to herbal therapies that meet these requirements. Safety -Appropriate toxicologic assessment of the plant extracts is done; doses tested should provide a enough safety margin (e.g., doses >100-fold higher compared to clinically used doses). -Quality assurance of raw materials: a) Concentrations of active ingredients and/or lead substances are monitored in raw materials to enable adjustments of production process to ensure consistent product qualities and concentration of active ingredients in the marked product; b) Monitoring of potential contaminations (e.g., heavy metals, mould) -Appropriate pharmacovigilance of products used in the routine clinical setting consistent with the procedures in place for chemically defined treatment Efficacy -In vivo and in vitro studies to explore mechanisms of action of the plant extracts in isolation and in combination -State-of-the-art clinical trials to proof efficacy regard to relevant outcome parameters (symptom reduction, improvement of QoL) paired with studies on mechanisms Registration, market access -Formal registration that mirrors chemically defined products for the respective jurisdictions FGID, functional gastrointestinal disorders; QoL, quality of life.
